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,QWURGXFWLRQ
7KHQXPEHURIFDUVXVHGLQ(XURSHLVFRQVWDQWO\JURZLQJDQGZLWKPRUHFDUVDOVRPRUHVVFUDSW\UHVIROORZ,WLV
HVWLPDWHG WKDW PLOOLRQ WRQV RI VFUDS W\UHV DUH SURGXFHG QRZDGD\V RQO\ LQ WKH (XURSHDQ FRXQWULHV (750$
7KHµ'LUHFWLYH(&RQWKHODQGILOORIZDVWH¶KDVSURKLELWHGODQGILOOLQJRIXVHGW\UHVZKROHVLQFH
DQGVKUHGGHGVLQFH7KHUHDVRQVIRUWKLVUHJXODWLRQVZHUHVXFKWKDWVWRFNSLOHGW\UHVQRWRQO\WDNHXSD
VLJQLILFDQWDPRXQWRIVSDFHEXWWKH\DOVRFUHDWHWKHGDQJHURIVSRQWDQHRXVFRPEXVWLRQDQGWKHIXPHVHPLWWHGGXULQJ
VXFKDILUHFRQWDLQFKHPLFDOVGDQJHURXVWRKHDOWK-HQLVK$GGLWLRQDOO\KHDSVRI W\UHVDUHSHUIHFWEUHHGLQJ
JURXQGIRUGLVHDVHFDUU\LQJYHUPLQOLNHLQVHFWVDQGURGHQWV
7KDQNVWRWKH(XURSHDQUHJXODWLRQVDQGDFWLYLW\RIWKHW\UHLQGXVWU\LQDOPRVWRIHQGRIOLIHW\UHVKDYH
EHHQUHFRYHUHGRUUHF\FOHGRXWRIZKLFKZDVPDWHULDOUHFRYHU\DQGHQHUJ\UHFRYHU\WKHUHVWZHQWIRUUH
WUHDGLQJUHXVHRUH[SRUW(750$2QO\RIWKLVDPRXQWZDVXVHGIRUFLYLOHQJLQHHULQJDSSOLFDWLRQV
HYHQWKRXJK7LUH'HULYHG$JJUHJDWHV7'$KDYHSURYHQWREHHIIHFWLYHEXLOGLQJDQGUHLQIRUFHPHQWPDWHULDO,WKDV
EHHQXVHGVLQFHWKHVRIWKH;;FHQWXU\LQFRQVWUXFWLRQVRIOLJKWZHLJKWHPEDQNPHQWVRQZHDNDQGH[SDQVLYHVRLOV
%RVFKHUDQG(GLO<RRQHWDO6HGDHWDODVOLJKWZHLJKWUHWDLQLQJZDOOEDFNILOOV&HFLFKHWDO
7ZHHGLHHWDO/HHHWDOGUDLQDJHOD\HUVYLEUDWLRQDQGWKHUPDOLQVXODWLRQOD\HUV+XPSKUH\DQG
(DWRQ/HHDQG5RKDVDGGLWLYHVWRDVSKDOWHWF
,QFLYLOHQJLQHHULQJDSSOLFDWLRQVPRVWO\WKHELJJHVWVL]HVRI7'$UHIHUUHGWR$670'DUHXVHGW\UH
FKLSV±PPZLWKPRVWRIWKHZLUHUHPRYHGDQGVKUHGV±PPZLWKZLUHFRUGDVWKHLUSURGXFWLRQFRVW
LVWKHORZHVW7\UHUHF\FOLQJFRPSDQLHVSURGXFLQJDOOVL]HVRIVKUHGGHGUXEEHUDUHORRNLQJWKRXJKIRUPDUNHWDOVRIRU
WKHRWKHUVL]HVRIFUXPEUXEEHU±VWDUWLQJIURPWKHILQHVW±SRZGHUHGUXEEHU,QPRVWRIWKHHQJLQHHULQJZRUNVWKH
PDWHULDOQHHGVWREHFRPSDFWHGWRGHFUHDVHWKHYRLGUDWLRRIWKHDJJUHJDWHDQGUHGXFHIXWXUHVHWWOHPHQW$FFRUGLQJWR
$KPHGDQG/RYHOOPL[WXUHVRIVDQGDQGUXEEHUVKRXOGEHFRPSDFWHGE\PHDQVRIYLEUDWRU\PHWKRGVZKLOHIRU
UXEEHUFKLSVDORQHDQGPL[HVRIFKLSVDQGILQHJUDLQHGVRLOVQRQYLEUDWRU\PHWKRGV3URFWRUW\SHDUHPRUHDSSURSULDWH
7KLVSDSHUSUHVHQWVUHVXOWVRIFRPSDFWLRQRIIRXUGLIIHUHQWIUDFWLRQVRIVFUDSW\UHUXEEHULQWKHVWDQGDUG3URFWRUWHVW
7KHREMHFWLYHRIWKHUHVHDUFKZDVWRHVWLPDWHWKHHYROXWLRQRIGHQVLWLHVEXONȡDQGGU\ȡGRI7'$ZLWKWKHLQFUHDVH
RIPRLVWXUHFRQWHQWDQGZKHUHSRVVLEOHWRGHWHUPLQHWKHPD[LPXPGU\GHQVLWLHVȡGVDQGRSWLPXPPRLVWXUHFRQWHQWV
ZRSW
0HWKRGRORJ\
,QWKLVUHVHDUFKIRXUVL]HVRI7'$RIIHUHGE\WKHORFDOVKUHGGLQJFRPSDQLHVZHUHXVHGJURXQGUXEEHUZLWKRXW
DQ\WH[WLOHRUVWHHOFRUGLQWKUHHVL]HVILQH±PPVSHFLPHQ$PHGLXP±PPVSHFLPHQ%FRDUVH±
PPVSHFLPHQ&DQGW\UHFKLSVFRQWDLQLQJWH[WLOHDQGVWHHOSDUWV±PPLQVL]HVSHFLPHQ'$GGLWLRQDOO\WR
FRPSDUHWKHUXEEHUEHKDYLRXUZLWKDQDWXUDOVRLODVSHFLPHQRIXQLIRUPPHGLXPULYHUTXDUW]VDQGZDVWHVWHGDVZHOO
±LWVJUDGLQJZDVYHU\VLPLODUWRWKHRQHRIVSHFLPHQ$*UDLQVL]HGLVWULEXWLRQRIDOOWKHPDWHULDOVZLWKWKHLUJUDGLQJ
FKDUDFWHULVWLFVXQLIRUPLW\FRHIILFLHQW&XDQGFRHIILFLHQWRIFXUYDWXUH&FDUHSUHVHQWHGLQ
7KHVSHFLPHQVPL[HGZLWKGLIIHUHQWDPRXQWVRIGLVWLOOHGZDWHUZHUHFRPSDFWHGIROORZLQJWKHUHFRPPHQGDWLRQVRI
WKH3ROLVK6WDQGDUG31%31VWDQGDUG7KHVWDQGDUG3URFWRUHQHUJ\RI-FPZDVDSSOLHG*URXQG
UXEEHUDQGVDQGZHUHFRPSDFWHGLQWKUHHOD\HUVLQWKHVPDOOPRXOGGPDQGW\UHFKLSVLQWKHODUJHPRXOGGP
7KH31VWDQGDUGLQFRQWUDVWWRWKH(XURSHDQ6WDQGDUG(1(1VWDQGDUGDOORZVFRPSDFWLQJRQHEDWFKILYH
WLPHV ,Q WKLV UHVHDUFK HDFK EDWFK ZLWK ZDWHU FRQWHQW GLIIHUHQW E\  ±  ZDV SUHSDUHG VHSDUDWHO\ EXW LW ZDV
FRPSDFWHGDWOHDVWWKUHHWLPHVLQRUGHUWRHVWLPDWHWKHSRVVLEOHLQIOXHQFHRIWKHQXPEHURIFRPSDFWLRQV7KHWHVWZDV
HQGHGLIZDWHUEOHHGLQJWKURXJKWKHJDSEHWZHHQWKHPRXOGDQGWKHEDVHSODWHRFFXUUHG
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
)LJ*UDLQVL]HGLVWULEXWLRQRIDJJUHJDWHVXVHGLQWKHVWXG\
$FFRUGLQJ WR(1VWDQGDUGVRPHPDWHULDOVPD\EHFODVVLILHGDV µVHOIGUDLQLQJPL[WXUHV¶ LQZKLFK ORVVRIZDWHU
GXULQJFRPSDFWLRQJUHDWHUWKDQSUHYHQWVGHWHUPLQDWLRQRIWKHPD[LPXPGU\GHQVLW\,QVXFKDFDVHLQVWHDGRI
ȡGVDGU\GHQVLW\DWEOHHGLQJȡGEVKDOOEHHVWLPDWHG7\UHFKLSVDQGVKUHGVKDYHSURYHGWREHZHOOGUDLQLQJPDWHULDOV
ZLWKFRHIILFLHQWRISHUPHDELOLW\FORVHWRWKHRQHRIJUDYHO$670'+D]DULNDHWDO(GLODQG%RVVFKHU
FODLPHGWKDWGHQVLILFDWLRQRIVKUHGVDQGFKLSVFDQQRWEHLPSURYHGE\FRQWUROOLQJWKHPRLVWXUHFRQWHQWDQGRU
LQFUHDVLQJWKHFRPSDFWLYHHIIRUW7KXVLWZDVH[SHFWHGWKDWWKHUXEEHUDJJUHJDWHVFRQVLGHUHGLQWKLVVWXG\ZLOOEHKDYH
OLNHVHOIGUDLQLQJPL[WXUHV7KLVLVZK\LQHDFKWHVWWKHZDWHUFRQWHQWZDVPHDVXUHGEHIRUHDQGDIWHUFRPSDFWLRQZ
DQGZIUHVSHFWLYHO\EDVHGRQUHSUHVHQWDWLYHDPRXQWRIPDWHULDOWDNHQIURPDWOHDVWSRLQWVLQWKHPRXOG
5HVXOWVDQGGLVFXVVLRQV
7KHWHVWUHVXOWVUHYHDOHGWKDWFRPSDFWLRQUHSHDWHGVHYHUDOWLPHVGRHVQRWFKDQJHWKHGU\GHQVLW\RI7'$RUVDQG
WKLV LVZK\DOO WKHREWDLQHGYDOXHVRIZDWHUFRQWHQWVDQGGHQVLWLHVZHUHDQDO\VHG LQGHSHQGHQWO\RQ WKHQXPEHURI
FRPSDFWLRQV,QSUHVHQWHGDUHUHVXOWVRIYDULDWLRQRIGU\GHQVLW\DQGEXONGHQVLW\RIDOOWKHVSHFLPHQVYHUVXVWKHLU
ZDWHUFRQWHQWDIWHUFRPSDFWLRQ7KHILJXUHFRQWDLQVDOVRSDUDEROLFWUHQGOLQHVZLWKWKHYDOXHVRIWKHLUFRHIILFLHQWRI
GHWHUPLQDWLRQ5EHORZWKHOHJHQGDWDEOHVKRZLQJWKHDYHUDJHUDQJHRIGHQVLWLHVDQGWKHPD[LPXPDFKLHYHGZDWHU
FRQWHQWVKDVEHHQDGGHG
,WFDQEHQRWHGWKDWEXONGHQVLW\RIDOOWKHVSHFLPHQVZDVFRQVWDQWO\LQFUHDVLQJDVWKHZDWHUZDVDGGHGZKLFKZDV
ZHOOGHVFULEHGE\WKHSDUDEROLFFXUYHV5!,QFDVHRIVDQGWKHPD[LPXPGU\GHQVLW\HTXDOWRDERXWJFP
ZDVDFKLHYHGIRURYHQGU\VSHFLPHQDQGWKHȡGZIIXQFWLRQUHVHPEOHVDUHYHUVHGSDUDERODZLWKWKHVHFRQGPD[LPXP
DWWKHKLJKHVWSRVVLEOHZDWHUFRQWHQWRIDERXW

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)LJ'U\GHQVLW\DQGEXONGHQVLW\YDULDWLRQZLWKZDWHUFRQWHQWIRUVDQGDQGUXEEHUJUDLQV
5XEEHUDJJUHJDWHLVDERXWWKUHHIROGOLJKWHUWKDQVDQG,WVPD[LPXPGU\GHQVLW\LQFUHDVHVRQO\VOLJKWO\DVWKHVL]H
RI WKH JUDLQV GHFUHDVHV ,Q FDVH RI WKH FRDUVHU 7'$ VSHFLPHQV % & ' WKH LQFUHDVH RI ZDWHU FRQWHQW VKRZV
LQVLJQLILFDQWLQIOXHQFHRQGU\GHQVLW\

)LJ:DWHUFRQWHQWGLIIHUHQFHGXULQJFRPSDFWLRQ
7KHVHPDWHULDOVMXVWOLNHVDQGEHKDYHOLNHVHOIGUDLQLQJPL[WXUHV7KHLUPD[LPXPDPRXQWRIZDWHUUHWDLQHGLQ
WKHVH VSHFLPHQVZDV KRZHYHU JUHDWHU WKDQ WKDW RI VDQG DQG LW ZDV WKH KLJKHU WKH ILQHU ZDV WKH UXEEHU IUDFWLRQ
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&RPSOHWHO\GLIIHUHQWFKDUDFWHULVWLFFDQEHREVHUYHGLQFDVHRIWKHILQHVWUXEEHUVDPSOH$±KHUHWKHRSWLPXPZDWHU
FRQWHQWFDQEHHDVLO\GHWHUPLQHGDVEHLQJHTXDOWRZRSW§7KLVVSHFLPHQFRXOGUHWDLQPRUHWKDQRIZDWHU
FRPSDUHGWRLWVGU\PDVVHYHQWKRXJKWKHJUDLQVL]HRIWKLVVSHFLPHQZDVQRWPXFKGLIIHUHQWWKDQWKHRQHRIVDQG
7KHGLIIHUHQFHEHWZHHQWKHZDWHUFRQWHQWEHIRUHDQGDIWHUFRPSDFWLRQLVSUHVHQWHGLQ
,QDOOWKHUXEEHUVSHFLPHQVWKHDYHUDJHZDWHUFRQWHQWPHDVXUHGDIWHUFRPSDFWLRQZDVJUHDWHUWKDQEHIRUHWKHWHVW
DQGWKHDEVROXWHGLIIHUHQFH_ǻZ_ _Z±ZI_ZDVLQFUHDVLQJDWKLJKHUZDWHUFRQWHQWV7KLVPD\EHSUREDEO\H[SODLQHG
E\PLJUDWLRQRIZDWHUIURPWKHPRLVWH[FHVVPDWHULDOVLWWLQJLQWKHFROODURIWKH3URFWRUPRXOGLQWRWKHVSHFLPHQ
2QO\LQFDVHRIWKHILQHVW7'$DµSHDNYDOXH¶RIǻZZDVREVHUYHGDWWKHZDWHUFRQWHQWFORVHWRWKHRSWLPDOKRZHYHU
WKHGLIIHUHQFHǻZGLGQRWFKDQJHLQWRSRVLWLYHYDOXHV(VWLPDWLRQRIWKHZDWHUFRQWHQWDWEOHHGLQJZEZDVSRVVLEOH
RQO\LQFDVHRIWKHVDQG\VSHFLPHQDQGLWZDVHTXDOWR
&RQFOXVLRQV
5HVXOWVRI WKLVVWXG\RQFRPSDFWQHVVRI7'$VKRZHG WKDW LQFDVHRI W\UHFKLSVDQGJURXQGUXEEHUZLWKJUDLQV
JUHDWHUWKDQPPWKHZDWHUFRQWHQWKDGSUDFWLFDOO\QRLQIOXHQFHRQWKHGU\GHQVLW\LQ3URFWRUWHVW)LQHUVSHFLPHQ
KRZHYHUH[KLELWHGEHKDYLRXUVLPLODUWRFRKHVLYHVRLOVZLWKGLVWLQFWRSWLPXPZDWHUFRQWHQWHYHQWKRXJKLWVJUDGLQJ
FXUYHZDVYHU\VLPLODUWRWKHRQHRITXDUW]VDQGZKLFKLQWXUQRFFXUUHGWREHDWUXHVHOIGUDLQLQJPDWHULDO
$FNQRZOHGJHPHQWV
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